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Context – The multi messenger era

Study violent sources with
different messengers. 

KM3-230213A event : 120 
PeV muon stemming from
neutrino. Origin ?

→More experiments
needed !



Context – Very inclined extensive air showers

• Blabla

Radio : scalable, robust, cheap

Goal with GRANDProto300 : 
validate autonomous radio 
detection, for CRs of 
energy 1017 − 1018𝑒𝑉



Work – Goal
Reconstruction of inclined air showers (zenith > 60°) : 
• Direction of origin
• Energy
• Nature of primary

Coordinate system : (𝜔, 𝜂)



Work – Reconstruction method

STEP 1 : Plane Wave Reconstruction 
→Reference direction for the shower origin 𝜃0, 𝜙0

STEP 2 : Spherical Wave Reconstruction 
→Initial shower axis with emission point 𝑋𝑒  and direction 𝜃0, 𝜙0

STEP 3 : Angular Distribution Function (ADF) fit 
→ Final values for 𝜃𝑟𝑒𝑐𝑜𝑛𝑠 , 𝜙𝑟𝑒𝑐𝑜𝑛𝑠



Work – ADF method
Four free parameters adjusted : 𝜃, 𝜙, 𝐴, 𝛿𝜔 
Emission point 𝑥𝑒 , 𝑦𝑒 , 𝑧𝑒  remains fixed

arXiv:2504.18257

𝜔, 𝜂 ∶ angular coordinates of the antennas 
𝛼 ∶ geomagnetic angle 
𝑙 ∶ longitudinal propagation distance
𝐺𝐴 ∶ geomagnetic asymmetry strength
𝜔𝑐 ∶ Cherenkov angle
𝐴 ∶ scaling factor
 𝛿𝜔 ∶ width of the Cherenkov cone 



Work – ADF method
Four free parameters adjusted : 𝜃, 𝜙, 𝐴, 𝛿𝜔 
Emission point 𝑥𝑒 , 𝑦𝑒 , 𝑧𝑒  remains fixed

arXiv:2504.18257

Works with electric field data… 
…Doable with voltage data directly ?



Work - Workstream

1. Validate ADF pipeline on old simulations DC2Training ZHAireS

2. Apply ADF to new simulations DC2RF2Alpha

3. Adapt ADF to voltage data directly 

4. Perform energy reconstruction on cosmic candidates



Work – Performance comparison

cos 𝜓 = cos 𝜃𝑟𝑒𝑐 cos 𝜃𝑡𝑟𝑢𝑒 + cos 𝜙𝑟𝑒𝑐 − 𝜙𝑡𝑟𝑢𝑒 sin 𝜃𝑡𝑟𝑢𝑒 sin 𝜃𝑟𝑒𝑐

(Voltage Zhaires AN)



Work – Apply ADF to voltage, new data NJ

Simulated amplitude, 𝜂 < 0°
Simulated amplitude, 𝜂 ≥ 0°
Reconstructed amplitude

Horns shape : charasteristic of Cherenkov effect 



Work – Apply ADF to voltage, new data AN

Simulated amplitude, 𝜂 < 0°
Simulated amplitude, 𝜂 ≥ 0°
Reconstructed amplitude

Still observed with noisy simulations !



Work – CR candidates
Method : Use calibration from simulations to estimate the energy of cosmic candidates
Fit 𝐴

sin 𝛼
= 𝑘𝐸𝑒𝑚,𝑠𝑖𝑚𝑢  →  𝐸𝑒𝑚,𝑐𝑎𝑛𝑑𝑖𝑑𝑎𝑡𝑒 



Perspectives
CR candidates : 
Test background hypothesis with k/l fit 

Grammage :
• For now, ADF uses the maximum of the Hilbert envelope of the 

signal
• Try using the maximum of the sharpening of the envelope instead
• Compare the obtained results and grammage

→ Work towards ICRC ! 
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